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Management and Planning Issues i n the Us e of Microcoffiputers in Schools 

Introduction 



One of the most significant educational developments currently concerns 
the use of microcomputers for teaching purposes and for school 
management. Althou^ microcomputers are still relatively expensive in 
comparison with other pieces of educational equiptient, they have fallen 
rapidly in price during the last few years to the extent that in mapy 
countries it is how meanin^ul to eohsider their feasibility in both 
educational and financial terms. As with all resources, pOTticularjy 
relatively expensive ones, this raises a number of questions abcoit 
anticipated and actual benefits and costs, both fihahciai and 
nonr-financial, and implies that decisions and plans will heed to be made 
both within Ministries of Education and schools. 

Many of the decisions are apparently concerned primarily with 
educational efficiencgr and effectiveness (such as: should mieroeomputers 
be used only in one area of the curriculum or across the curricnalm?; 
with \rtiat ages of pupils should thi^ mainly be used?}. Nevertheless, 
such resource utilisation matters inevitably also raise fundamental 
questions of educational access and cnuality ihelttdihg ixrbsih/rural 
differences, the effects on national and regional cultures of the 
adoption of a teehnologr developed elsewiiere, and the balance in the 
education ^st^ between modern and traditional skills and values. 

The purpose of this paper is to examihe the reasons uhderlylhg the 
growth of interest in educational computing and the issues which such 
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developments raise if the innovation is to be managed so as to exploit 
the potential benefits of the new technologjr. Althoijgh the paper points 
out the limitations, disadvantages and problems associated with the use 
of microcomputers in schools and does not assume that their use is 
necessarily appropriate in ail contexts, it does atteng)t to identify and 
address questions T^ich are relevant if microcomputers are being 
considered for introduction or are currently being used in an 
edueatiohai system. Whilst the paper focusses on schools, a number of 
the issues raised are relevant alvso in the context of colleges and 
vocational training institutions and some are applicable also to 
institutions of hi^er education. 

The paper starts by discussing three main areas of use of microcomputers 
in schools and then considers the reasons for their use and the 
influences and pressures, frdn within and outside schools, which affect 
the decision as to whether to ihc6iT)6rate computer use into the 
activities of schools. 

The impact of the innovation on the school is then considered, 
particularly in respect of potential changes in the content of jobs arid 
of cT^^isationai structures (both within the school and in term of the 
relationship between the school and regional or national educational 
offices) ^ich may be associated with the introduction of computer 
technologjr. This section draws extensively on research on the icrpacts of 
the introduction of coiig)Uter technologjr in sectors of the econony other 
than education, and considers the extent to which effects in those 
sectors mgy be expected to be replicated within the education syst^. 
Three possible future scenaria relating to educational computing are 
then reported. 



Finally, the issues raised ly the developneht of educational compubing 
are considered in respect of both Ministries of Education and schools. 

The paper is based partly on the experience of the author, partly oh 
discussions with educators in the Asia and Pacific region and partly on 
educational, computing and management literature frem the region and 
elsei^ere. 

It is likely, of course, that the reasons for introducing (or deciding 
not to introduce) raiorocomputers in schools will be different in 
different countries or regions. Further, in relation to the effects of 
the innovation, the position which is taken in the paper is hot one of 
technological determinism. It is suggested, rather, that the effects of 
this, and other innovations, are mediated ty the social, political and 
cultural context in \^ich the techhologjr is introduced, and the effects 
occurring in one setting may well not be repeated in another. And, 
althougi the paper considers first some of the factors influencing 
decisions about the introduction of microcomputers, and secondly the 
effects of their introduction, these two aspects are not considered to 
be independent. The effects of using microcomputers in schools are 
likely to be ^steaaticaUy related to the reasons for their 
introduction^ which is a^lh contrary to the technological detennini^ 
perspective. The rejection of that perspective make^ it inappropriate to 
asstane that the experience in one or more countries is directly 
transferable across national or cultiaral boundaries. Althou^ the issues 
addressed in the paper are believed to be widely relevant, they will h^t 
all be universally applicable. 
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The paper is presented, then, not as a blueprint relating to the 
intrbductibh of microcon^niters in education but as ah analysis of , and 
in some parts a speculation about, aspects of an innovation concerning 
which there is substantial interest in many countries in the Asia and 
Pacific region and which may become as significant in education ^st^is 
as it is in some other sectors of national economies. 
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Uses of microconpiters in schools 



There are three main aa-eas of use of microcomputers in schobis: for 
teaching computer studies, for co^uter assisted learning in other areas 
of the curriculum and for school administration. 

(i) Ibr teaching congDuter studies 

Computer studies is one of the most rapidly growing subjects in a number 
of countries in terms of the nmber of pupils stxxdying it. There is 
clearOy a seli^reihf orcing relationship between the teaching of congputer 
studies and the use of computer equijient; the teaching of the subject 
creates a demand for computing equipment, and the provision of equipment 
fecilitates the teaching of the subject. Sie ^ovrth of the teaching of 
computer studies has taken one or both of two fonns. In some cases the 
focus has been on the teaching of the subject to a minority of pupils 
who will take an externally certified examination in the subject 
alongside the other established subjects in the curriculum. In other 
cases the emphasis has been oh the provision of a 'cGi^uter awareness' 
course^ in which case the course will probably not be geared towards an 
external examination. Goniputer awareness courses can be focussed either 
at the later stages of secondary education or in the earlier years of 
secondary school or in primary education. Initially, such courses tended 
to be developed for senior seeondaiy pupils, but these have increasingly 
been replaced by or augmented ly courses for younger pupils. 

With limited coiriputing resources available in each sector of education, 
the decision about whether such resom^ces should be used to give a 
limited exposui-e to eomputirtg to as many pupils as possible via a 



computer aj^reciation prograinmej or whether to utilise the equijmerit for 
more advanced study % a minority is likely to reflect views about both 
equail-ty of educational oK>ortunity aiid the relationship nationally and 
regionally between education and the ecdnonjjr. It is also si^ificant in 
respect of the messages about conpiting which that decision sends to 
pupils. A decision to offer only examinable courses in computer studies^ 
which probably contain substantial elements of computer programming, to 
a minority of pupils may ivapl^ that computers are technicai:iy c(Mplex 
esoteric devices which are relevant to and can be understood \^ only a 
minority of people. Conversely, the decision to provide a computer 
appreciation course, of perhaps very limited duration, for as many 
pupils as possible can i^ly that developnents in computers and other 
information technoioar is likely to be relevant to the future life of a 
substantial proportion of the population and that some understanding of 
the capabilities and limitations of computers should therefore fonn part 
of a general education. 

(ii) For con5)uter assisted learning 

The use in corner assisted learning (CAE) has been characterised by a 
wide variety of learning modes and in a wide range of subjects. Some of 
the early CAi. programs used microcomputers as ah 'electronic 
chalkboard', thou^ it was quickly realised that computer based 
ihstruetionai materials which did not incorporate any pupil interaction 
and response had no advantages over other media such as film or video 
and had a lower quality visual output than those media. Another type of 
pro-am characteristic of early computer assisted learning ^ras drill and 
practice, irfiere the computer typically presents the pupil with a number 
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of questions, checlffi the answers given iDgr the pupil and perhaps records 
the pupil*s performance. 

A more sophisticated development is the use of compxter managed 
learning. This normally incorporates didactic material and is followed 
by a diagnosis of responses and the provision of further instruction at 
an appropriately hi^er or lower conceptual levels In computer managed 
learning, the teacher would normally be provided with information about 
each pupil* s progress and his specific difficulties. 

The more recently produced CAL materials have been characterised 1:^ the 
increased use of simulation or data-base approaches rather than drill 
and practice or tutorial modes. Simulations may be considered as a 
means of providing learning experiences similar to those in experiments 
and may be used when experiments are not available because of 
constraints of cost, time of safeiy. The simulations involve an 
inductive mode of learning ty encouraging the pupils to ask questions of 
the type ^TVhat would haj^n if...?" In a data-^base mode the cdn^uter is 
used as a means of storing, accessing and processing a mass of data 
which is -typically used to enable pupils to explore relationships 
between items of data. 

All of these modes of use can be seen in a wide variety of subgect 
areas. Computer assisted learning has certainly been extensively used 
within the sciences , for example in the simulation of industrial 
chemical processes where students may be asked to investigate the 
relationship between the efficiency and cost of production of particular 
chemicals and changes in operating characteristics such as temperatiorei 
pressure or concentration of various chemicals. The use of coiig)uter 
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assisted learning* joarticulajrJy in the sciences, is discussed tiy- Tuiig 
(19a)) in the context of Hdhg Kong and tty Kow (1982) in relation to 
secondary schools in Malaysia. Some of the most notable developnents, 
however, have been in areas outside the j^sicai sciences. A number of 
pro^ammes, for exm^le, have been developed to simulate national 
economies where the student, ty talcing the role of a Minister of Finance 
is asked to e35j)lore the relationship between output, taxes, i^rts and 
exports, inflation, growth and other ecohcmiic variables. Historical 
data bases, often using population cens'^s data, have also been used fcr 
investi^ting historical developments, for exan^le, pc^niLation growth 
and changes in age and oceupatiohal structure. There have beon few 
subgects in the secondary curriculimi for which computer assisted 
learning materials have not been developed, and it is possible to see 
innovative uses of GAi program in subjects ranging across the 
mathematical, physical and life sciences, the humanities, languages and 
creative subjects. 

Whilst the diffusion of the use of computers has been most extensive in 
the secondary sector, some of the most innovative and exciting 
developments in conpater assisted learning have been in primary schools 
and in the education of pupils who are handicapped or have various 
learning difficulties. 

The development of simplified computer lahgiages, such as LOGO, have 
been particularly significant in primary education by enabling even the 
youngest children to communieate easily with computer eguipnent. The 
IDGO language is used in schools commonly to assist in the development 
Of concepts in mathematics, particularly geometry, in logical problem 
Solving and control techhologjr. A conunon method of its use is by small 
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groups of children using the programming language to control the 
mbvoneht of various simple mechanical devices, which may plot diagrams 
as thi^ move, therety providing an environment for experimentation and 
problem solving. Whilst such activities are directly con^aratble with 
industrial control ehgiheerlhg applications, a narrow view of the skills 
which are being learned has been seen as of less significance than that 
the learning is active rather than passive and that the children 
individually and as a ^oup become more seif-reliaht and learn from 
their own mistakes and experience and may become less dependent on the 
teacher and more dependent oh their own abilities and those of their 
peers. 

Hie availability of hi^ resolution graphics and colour output of both 
static and moving images have given an added impetus to develoiments in 
the primary sector. Hiey have also been utilised in special education in 
facilitating the provision of visually attractive output from 
microcomputers. 

The developments which have been most characteristic of special 
education, however, relate not to output but to input, in particulaa* to 
a varielgr of means of input to enable pupils with specific disabilities 
to cOTnmmieate with and via ceraiputers. 3!he use of input devices such as 
special keyboard overl^s, joj^tiefcs, sucS: and blow devices and voice 
input have been found to be pafticularay us^ui. Some software has been 
produced to assist pupils with specific difficulties, but expensive use 
has also been made of standard software, for exan^le word processing 
programs can be used in conjunction with the above input devices to 
enable physically handicapped pupils to produce hi^ quality written 
materials. 
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The facilii^ to use microcoittputers for individualised learning has also 
been found to be beneficial within special education, for example in 
assisting c^siexic pupils. Although the provision of microcomputer 
equipaent in special education has been relatively expensive as it has 
eoffimonay been used by individual pupils rather than ly groups and has 
often utilised non-standard input devices, some of the most successful 
uses of ccD^ter assisted learning have occurred within the special 
education sector. 

(iii) For i:ise in school administration 

In addition to the benefits within administration whi(* ^e obtainable 
the use of microcongniter assisted school administration, the use or 
absence of use for such ai^lications of aiiy computer equipment which the 
school possesses can again be significant in terms of the messages sent 
to pupils. If pupils are taught within a computing course that computers 
can easily and beneficially be utilised for a wide range of 
administrative aj^lications and for efficiently storing, retrieving and 
processing information, they might ejq)ect such claims to be reflected 
within the administrative work of the school itself. 

One of the most sophisticated computer based school administration 
sjTstems is that developed at Ldk Sin Tong Ku Chiu Man School in Hong 
Kong (Chan, 1982). Use in school administration, as in teaching, is 
characterised "by a wide range of applications, including iSie maintenance 
of stock records and school libraiy records, examination entries and the 
processing of assessments and examination results, and attendance 
registers. The most ccmndn applications, however, are probably pupil 
records, timetabling and word processing. 

is 
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fttpii records a^piications vary in sophistication, but usually 
incorporate the storage of information about the name, address, age, 
sex, grade, subjects studied and possibly test results in those subjects 
for e^h of the pupils in the school. This information can be accessed 
and sorted for various purposes within the school, from the simple 
autcmatic production of lists of pupils in a particular subject group or 
grade, to cross-tabulations of the type: Which pupils have attributes 
A, B, C and D but not E or F as in 'Ttfhich boys in the school aged VA, 15 
or 16 are studying both physics and chemistry but not metalwork", which 
are very time-consianing to produce by the manual sorting of individual 
lists. Such pupil data bases caii also be used to extract the aggregate 
statistical information which schools may be required to submit for 
local or national educational administrative purposes. 

The history of congputer aided timetabling shows a gradual move away from 
attengyts to produce a single-shot optimal timetable to more pragnatic 
and heuristic attempts to assist the timetabler at varioxis stages in the 
production of a satisfactory timetable. It can, however, result in a 
timetable which surmotmts more of the educational and technical 
constraint and/ or is produced more quickly than a conventional manually 
produced timetable. 

Word processing applications in schools are similar to those in 
commercial organisations. They are commonly concerned with the 
personalising of correspondence in which the majority of the text is 
identical but in which some details change, for example letters to 
parents which contain standard paragraphs but in which some information 
specific to their children is included. Another common word processing 
ai5)lication is the production of up-dated drafts of documents in which 

I 
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same additions^ amehdmehts or deletions occur Between successive drafts, 
but in which some of the text remains unchanged. This paper, for 
exan5)le, was produced using a word processing program oh a 
microconqpiiter, >*iich enabled successive drafts of the paper easily to be 
updated and the final version to be foraatted in terms of the size of 
paper on which it was to be printed and with a vertical ri^t margin 
typical of printed output rather than with the lagged* right margin 
characteristic of typed materials- 

Editing and updating features of word processing programs can be 
particularly useful in educational or^isations in the production arid 
modification of handouts, pupil worksheets and similar documents. 
Althou^ word processing is used extensively in school administration it 
is also finding increasing use in the teaching of writing. The ease of 
editing and updating and the facility for altering parts of a text 
without the need for re-writing the ^oie or producing a paper which 
includes obvious deletions and insertions can be used by pupils to 
enhance their own written work. Word processing is also directly 
relevant, of course, in the teaching of commerce and secretarial 
studies. 

The extent to which the benefits of word processing can be obtained in 
countries in the Asia and Pacific region depends on the availability of 
character sets for the languages used. Programs for handling Arabic, 
Chinese and Japanese characters as well as those based on the Roman 
alphabet have been avfidlable for some time and are available or being 
developed for seme makes of coi^ters for other character sets also. 
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In educatidrial ^stems in which sighifieaht amoimts of aecouhtihg and 
financial work are carried out within the school rather than at district 
or regional levels microcomputers mgy siso be used for basic boo^eeping 
and for the processing and storing of accounting information. 

Wuch of the administrative work presently carried out by CCTrpurbers in 
schools is relatively oimple in principle. The search has been for 
efficiency in carrying cut existing administrative procedures rather 
than effectiveness in achieving organisational objectives. This reflects 
the pattern of develcpnent of computer use within the business seotcr, 
vhich has typically involved routine aflministfatidn such as payroll, 
sales and purchases ledgers and stock control as the starting points to 
be followed by the develo|inent of managCTsnt information systans arid the 
use of models for planning and other strategic purposes. The focus has 
consequently changed from ari emphasis on the generation, storage and 
retrieval of data to the filtration, condensation arid transformation of 
information arid the use of management by exception as a control 
mechanism, and from a concern with the improvement of existing 
procedures to the development of new procedures. The same pattern of 
development from initial administrative tasks to more mariagerially 
oriented applications^ such as eurricuLxan modelling, may similarly occur 
within the education sector. 

Three major uses of computers in schools have been identified - teachiiig 
computer studies, cdmFiuter assisted learning and use in school 
administration. Although many authors discuss each of these 
applications^ for example Sakamoto (1981} in the context of Japanese 
schools, different priorities amongst the uses have emerged in different 
countries. Whilst in most countries use in all three areas would be 



regarded as behefieial and an eventual aim, it is appropriate to 
consider as a strategy of innovation vdiether in the oirctmstance of each 
country separately it is preferable to develop in all three areas 
simuitaneously or >d\ether to focus initially on only one or two. 
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There is probably ho single dominant reason for the use of 
microcomputers in schools. There are a large number of pressures which 
can be identified v^ich facilitate the development of iDlcrbcbmputer use^ 
some of which are more relevant in some contexts than others. Among 
these pressures are: 

(i) Relating education to the heeds of the econonBr 

There have, in many countries , been moves to jake education more 
concerned with the knowledge, skills and attitiMes which are directay 
related to the present and future needs of the ecohon^, Ecaplqyers, 
particularly, are commonly concerned that the eurricxaixmi shoxaid be 
closely aligned with industrial and coranereial needs and that students 
should be technologically literate. 

Whilst there is a clear demand in the modem sector of the econony for 
specialist computer scientists, there is similarly a demand in some 
economies for some familiarity with and understanding of information 
technology by all or most young people as th^ enter employment. This is 
significant in relation to the provision of computer studies courses^ 
discussed earlier, particularly the decision as to whether to provide 
advanced courses for an elite or introductory courses for as many pupils 
as possible. 

Such considerations relating specifically to educational computing are 
inextricably linked with the wider issue of the balance in the education 
system between orientations to the modern sector and to the traditional 
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ahd/or informal sectors of the econony, which, in ti^irh, be 
associated with activities mainly carried out in urban and rttral areas 
respectively. Hiere is a self-reinforcing relationship between the use 
of microcomputers in spools and the econcanic infrastructxire of ah area. 
Educa,tional computing requires access to electrical power and be 
more easily be provided and supported in areas of a country where there 
is access to repair facilities and coi^ting e;q)ertise; such access is, 
of course, usually more readily available in urban rather than rural 
areas. The acquisition of computing ^iils in schools cen, in turn, feed 
into the local econony and may therefore reinforce differences between 
the urban and the rxiral "econony. 

(ii) Parental pressures 

At a time of hi^ unemplosyment of school and college leavers, the 
denands of industrialists for vocationally relevant education are 
suf^orted ty many parents who see job-relevant skills including 
computing skills as instrumentaily beneficial in terms of the future 
eii5)lcyment prospects of their children. Where pai-ents have expressed 
wishes for the inclusion of eomputihg in the cw-riculim in order to 
i^rove the future emplqyment prospects of their children, this has 
commonly been expressed as a wish for certificated courses to be taugit 
rather than for a conputer appreciation module to be included. 

Schools are responsive to parental wishes to varying degrees, so the 
extent to which this factor is si^ificaht probably varies in different 
sitmtions. In cases where parents have collectively been a magor source 
of funds specifically for the acquisition of computer equijinent it has 
been difficult for schools not to respond to parental wishes. 
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Whilst schools may vary in the extent to vhich they are willing to react 
to parental influences on the ciu'ricuiiam, they are likely to be 
proactive in promoting a positive view of tht? school to parents and 
other members of the canmuni-ty. The acquisition and use of computer 
equipEent and the inclusion of con5)Uting in the curriculum have been 
tised to enhance a school's image and been presented as exazr5)les of the 
progressive character of the school. 

(iii) Pupils' expectations 

The extent to which pupils' expectations can be a significant iiifluence 
on an educational innovation, and the knowledge which they have acquired 
outside school can be a threat to some teachers are particularly 
interesting phenOTiena currently in the context of educational computing. 
A number of pupils are becoming familiar with the educational potential 
of computer technology via television and other media and may be 
familiar with the (^ration of some microelectronic devices from various 
electronic ^mes which are becoming increasingly popular in a number of 
countries. The current and anticipated growth in the use of home 
computers is also significant in this context. It is commonly found that 
children become familiar and at ease with the operation of such 
equipnent more readily than do adults. As more pupils become familiar 
with microcomputers an expectation develop that teachers will vise 
microcomputer technolo^ confidently and appropriately in the teaching 
context. Such an expectation can be particularly threatening to some 
teachers who may be less confident ahout the operation of 
microelectronic equipnent and less familiar with it, and who operate 
with the model of education that teachers are knowledgeable and skillful 



ana pupils are hot^ and that the function of teaching is to transfer 
knowledge and skillis from teiaeher to pupil. 

(iv) The facilitation of accbmitabiiity 

The Increasing influence of emplbyera and parents is a facet of the move 
in some education i^stems tOvraxds greater aecountabili-ty to client 
groups. Computers can also have a significance in respect of the more 
narro-v*iy bureaucratic interpretation of aee©untabiiity - the stewardship 
function. Educ£'tioma institutions are nornially required to account to 
external groups for the use and disposition of their resources, 
particularly financial resources. In the same way that commercial 
organisations have utilised computer based systems for the processing of 
their basic accounting data,, the availability of simple financial 
programs operating on microcomputers can facilitate the accui^ate and 
rapid processing of accounting data and the production of basic 
accounting statanents, which may be used in reporting to external 
groups. 

(v) Need for better inform ation to facilitate decision making 

Quality of decision making depends at least in part on the quality of 
information available to decision makera. Decisions may be improved by 
the provision at low cost of information which is clear, timely, 
reliable, valid and accurate. Althou^ the sophisticated decision 
support information systems which aj'e used in some large commercial and 
governmental organisations are unlikely to be replicated Within 
educational institutions, it should be possible to utilise microcomputer 
baaed information systems in schools and colleges to support decision 



making relating, for example, to resource allocation or to performance 
evaluation- 

This can affect aeeisioh ragiking at two distinct levels. The more rapid 
provision of acciirate information or the supply of inforaation which was 
not previously available can be used within the school to support 
internal decision making. Alternatively, or additionally, the Increasing 
availability of irtforaation at regional or natio>ial level can facilitate 
cross institutional con^^isorxe and that information can be used at the 
more central level to make decisions about institutions. 

(vi) Demands for increased efficiencgr 

The cost of provision of education and the proportion of Gross National 
Product devoted to education ensures that questions of the efficiency of 
resource utilisation are of central concern in the management of the 
education ^stem. 

There is a eoimon e:3q)ectati6n that the lose of computor technology can 
increase the efficiency with which various organisational activities are 
carried out. This may well be feasible in the context of the 
administrative work of schools and colleges where the use of 
microcomputers can be expected to improve the efficiency with which 
existing taScs are performed. Conputers can also be used to implement 
some mahag^ent science techniques which may be difficult or impossible 
to utilise vdthout access to co^uter facilities. Wilson (1977j 
discusses the tase of operational research techniques such as critical 
pa±h analysis within Ministries of Education and within schools which 
have a terminal connected to a mainframe computer. The availability of 
fflicrocomputers makes the efficiency and effectiveness benefits which are 
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claimed for such techniques more easily obtainable within schools. If 
teaching and leaming is viewed as a technological production function, 
the same assumptions about efficiency can apply and lead to the 
e:>q)ectation that the use of computer assisted learning can result in the 
same outcomes with the use of fewf^r teachers (which, with salary costs 
in countries in the Asia and Pacific region typically accounting for in 
excess of two thirds of expenditure and salaiy costs increasing whilst 
the cost of computing equipment falls rapidly^ is a financially 
attractive proposition; or that the same nmber of teachers can enable 
an increased amount of learning. Although seane improvOTents in learning 
efficienqy may occur, it would be unwise to e3cpect that the lise of 
computer assisted learning will dramatically improve learning efficiency 
to the extent that there will be a significant impact on pupil teacher 
ratios. 

(vii) Assumptions of increased effectiveness 



Particularly in countries which have yet to achieve universal ediieation, 
the twin problems of increasing the quantity of education to provide for 
children who are presently partly or totally outside the education 
system and increasing the quality of education for those within schools 
pose a major dilemma. Insofar as computers have been claimed by some 
people to enable educational provision to be made more efficient and by 
others to make it more effective, educational counting offers the 
tantalising possibility of achieving progress towards either or both 
^als. 

i concern for effectiveness rather than efficiency has been the focus of 
nterest of many educators who claim that the main justification for the 
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use of ccmpiters is that they can be used to produce educational 
experiences which would be difficult or impossible to achieve without 
their use. The use of microcofflputers in siEijiations in the teaching of 
economics and chanistry^ to which reference was made above, are examples 
of such use. Papert (1 980) argues that the main justification for the 
use of microcofflputers in teaching is that, they can provide rich learning 
experiences which are otherwise unobtainable, ^ecifically, they can be 
used to gehei-ate new ways of thinking in pupils 1^ encouraging them to 
control their environments via the exploration of non-structured 
problems, rather than react to their environments by encountering 
stimetured probl^is set by the teacher, and hence to move frcm 
dependence towards independence in learhihgi 

A related aspect of the provision of learning experiences which are not 
otherwise obtainable ebhcerhs educational provision in relatively 
isolated rural areas. Morrison (1984) discusses and advocates a System 
in the Australian context for using microcomputers in areas which are 
geographically remote but which have a telejiione link, to enable 
microcomputers to be used hot 6h3y as stand-alone instructional devices 
but also, connecting the conpiter to the telephone, to enable 

students to receive teaching materials from a specialist teacher sane 
distance away and to transmit assignment answers for marking, evaluation 
and subsequent feedback • 

(viii) Technological push from technical experts 

innovations can be categorised as either 'needs pull' , where the 
development meets an existing need, or 'technology push', ^diere the 
driving force is the technical capabilii^y- to produce something \rfiich did 
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riot previotjsly exist; Using this distinction^ it is often fruitful to 
dorisider vrfiich educational applications of micrbeomputers are carried 
but because a heed has been identified and which because computing 
equipment is available and individuals have the expertise to make use of 
it. 

Pettigrew (1973) doctraiented a strategy- used by technical e:5^erts (in his 
case, significantly, computer experts) of promoting technical solutions 
to problems as a means of increasing the power base of those individuals 
with the relevant technical e:3q5ertise. It is widely accepted that the 
coritrol of information confers power. An understanding of the 
ihfonnation system used in the school, particularly if that 
understanding is restricted to a few people, can increase the power and 
prestige of individuals. The use of a computer based information system 
will increase the dependence of the school on those individuals vhb have 
eomputirig expertise and will give such experts increased access to 
decision makers and an increased opportunily to influence the decision 
making process. Similarly, the more widespread Use of computer assisted 
learning across the curriculum increases the expert power of those with 
computing skills. It would not be surprising, then, if teachers with 
costing scpertise argued for the more widespread use of costing, 
both in administration and in teaching. Similarly, within admiriistration 
particularly, if the change to a computer based administrative system 
involves the redistribution of influence Or the perception of the 
redistribution of influence, it is likely to be resisted ty individuals 
without such expertise who have traditionally controlled administrative 
systems . 
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It is significant that needs pull innovations have normally been found 
to be both more successful and more enduring than technology push 
inhovarblohs. 

(ix) Marketing policies of manufacturers and suppliers 

In situations of competitive marketing, manufacturers and suppliers of 
microcomputer equipneht and software clearly have an interest in 
promoting the use of microcon^uters in schools and colleges. There are 
two distinct reasons for this. Firstly, the educational market as a 
whole is potentially a very large and therefore attractive market. 
Secondly, in terms of their future markets, manufacturers and suppliers 
have an interest in the future generation of computer users becoming 
familiar with their make of microcomputer rather than that of another 
manufacturer. It has been possible in some situations, as discussed 
below, for the education gysten to benefit from the second reason for 
the interest of the conpiter industiy in the education sector. 

in countries in which governments have provided funds to the education 
system specifically for the purchase of microco^uter equipment, this 
has ecamonly been tied to the purchase of equijment which was desired, 
manufactured or assembled in that country and has been used as a means 
of facilitating the deveiopneht of a microco^uter industiy within that 
country. Such a symbiotic relationship has, therefore, been of benefit 
to both the education system and to the industrial sector. 




Impact of the ihnovatioh 



The extent to which the introduction of computer systems causes or 
enables chaiiges to occur within an organisation or between an 
organisation and others in its environment has long been a focus of 
attention in research into the Organisational impact of computers. The 
most consistent conclusion has been that 

impossible to introduce a computer into an organisation 
without creating changes in workf lovra , structure and or^isational 
relationships". (Tcaneski and Lazarus^ 1975t p21^. 

This is consistent with the perspective of systems theorists such as 
leavitt, Dill and %ring (1973) who view organisations as systems in 
which the significant variables are task* technolc@r, people and 
structure, the variables being highly interdependent so a change in one 
(for example technology; is likely to result in changes in each of the 
others i 

A systems perspective leads to the expectation that a change of 
technology results in changes in ta^s and will therefore affect 
teaching and learning. Two distinct types of effect are discernible: 
effects oh teaching methods and effects on curriculum content. 

In some cases, co^uters are viewed solely or mainly as pieces of 
educational technoloQr which can enable existing educational objectives 
to be achieved more efficiently or effectively. In such eases changes 
within the classroom have been confined to changes in teaching and 
learning styles, particularly in the use of simulations and data bases, 
and an increased emphasis on learning individually or in anall groups. 
The use of con5)uter equipment in these modes has generally been very 
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favourably received ly pupils. There is, of course, a novelty aspect of 
the use of new equipnerit and new learning modes, but the initial 
enthusiasm arid motivation of pupils shows few signs of diminishing, and 
the initial fears that enthusiasm was based largely or only on the 
novell^y value seems to be disappearing. 

There have been two further substantive benefits reported of changes in 
learning style. Firstly, much of the best educational software 
incorporates feedback to the pupil, which can reinforce learning and 
give the pupil confidence in his own learning. Secondly, individualised 
instniction can mean that the pupil learns at a speed appropriate to his 
needs rather than those of the group collectively. Much of the 
evaluation reported of the effects on learning of the introduction of 
microcon^uters has been based on the professional judgement of 
individual teachers who have reported their own experiences, rather than 
being based on systematic research. The weight of evidence seems to 
confirm the benefits claimed, notwithstanding the tendency for 
enthusiasts rather than sceptics to report their experiences. 

The effects on pupil motivation of the use of computer based 
instruction, both within computer studies and across the curriculum, has 
been perhaps the most remarkable aspect of this innovation. In some 
schools, access for pupils to coirputing facilities is provided before 
and after school and at other times outside the normal school dayj in 
such cases there have been very many reports of pupils arriving at 
school very early or staying very late to make use of the equipnent. 
Host surprisingly , perhaps , the motivating effect has been most 
substantial in respect of pupils who have previously responded 
negatively to the educational provision which schools make. The benefits 
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to both the ihdividuais' self-view and to the schools which these eases 
represent have been substantial and most pleasing, not least because 
they were not initially expected. 

The use of media-based individualised or small group teaching has 
effects tod on the teacher's role. At the simplest level, it introduces 
new problems of class manag^ent when some pupils are using computer 
equipment tihilst the remainder are otherwise engaged. More 
fundamental]^, it promotes the teacher's role as a manager of learning 
and diminishes his role as the sole source of knowledge and centre of 
activities. Although many teachers see such a change as a threat, it has 
been viewed as a challenge by large numbers too. The admission by the 
teacher of a lack of knowledge in relation to the new technology can, if 
handled skillfully, be transformed into a valuable educational 
experience. One of the most striking features of the innovation has been 
the enthusiasm and COTimitment of majTy teachers who have devoted much of 
their own time to increasing their skills and in writing computer 
programs for -use in their teaching. Althou^^h the computer programs 
written ty teachers for vtae in their own teaching are variable in terms 
of quality, the volume of teaching material produced by teachers 
themselves has been enormous and represents a great commitment by 
teachers of time and effort. 

Whilst the effects on the delivery of the curriculm have been 
significant, there have also been effects on the content of the 
curriculum in terms of both new subjects and new topics within existing 
subject boundaries. 
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The availability of microco^ters has facilitated the introduction and 
growth of elementary computer appreciation or information technology- 
courses and the more substantial coi^uter studies or computer science 
courses. The introduction in schools of courses in microelectronics 
(which,- "by incorporating the gtudy of electronic devices other than 
computers, is more broadly based than eofflputingj or control teclinology 
(which may be more narrowly focussed than eeanputer courses) is of even 
more recent origin. Such developments have caused part of the curricula 
to become aligned more closely with industrisi concerns by incorporating 
the knowledge, skills and attitudes to new technologjr which many 
enrployers value. 

Such changes in curriculum content are not neutral in tei^ of the 
values ^ich they imply. Pena (1983i and Awotua-S^ebo (1984; are 
critical of the importation of techhologr, particularly educational 
technologjr, without a sufficient eohsideratioh and recognition of the 
impact >^ich such technology- may have oh national or regional culture. 
Con5)uter technology- has been developed mainly in the West, where it was 
originally used mainly in the mathematical, scientific and engineering 
dc»nains in applicatidns based on western ideas and ideals of 
qiiantification, rationalrjy and objectivily. Although many of the most 
recent and most innovat ive uses of comput ers , part ieularly in 
educational institutions^ have been developed in areas other than 
mathematics and the sciences those areas still demihate use in schools, 
particularly initial use as Tung (1980} and Sakamoto (1981) describei 
Such use may, explicitly or implicitly, convey value laden messages to 
pupils. 
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eourses in conpiting may also have implications for the way in which 
teaching is organised. Although courses in computer studies, coii5)uter 
science, microelectronics and control technology are often tau^t by 
specialist teachers, in introductory computer appreciation or 
information techhologjr courses the opportunity has sometimes been taken 
deliberately to treat the course in an interdisciplinary manner with a 
number of teachers frOTi different subject backgrounds contributing to 
the course either individually or in a team teaching mode. It has been 
possible to devise courses such that, for exan^le, teachers of history 
provide a structured consideration of the developnent and effects of 
coniputer teehnologr in comparison with previous technological changes 
sndti as the introduction of printing, rail transport and radio; for 
teachers of commerce to lead the teaching of the effects of information 
teehnologjr oh, for exar^le, banking and retailing; and for teachers of 
lan©iage to relate conpiter programming to concepts of syntax and 
semantics in hinnan languages. It is clearly possible for these topics to 
be accommodated within existing subject boundaries, but in terms of the 
teaching of canputing, sOTe of the most successful courses have been 
those which have adopted an interdisciplinary approach. The effects on 
teaching staff of courses which have deliberately been used as a vehicle 
for breaking dovm traditional subaect departmental boundaries have also 
been significant and may be more far reaching. 

Such changes have minor though potentially iinportant effects oh 
or^isational structure. Of more substantial concern in relation to the 
effects of new technologr on structures have been considerations of 
centralisation or decentralisation. In the schools context, this is of 
interest in relation to potential changes both within the school and in 
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the relationship between the school and regional or national education 
ctffices. 

Much of the research on \^ich conclusions about the effects which the 
introduction of computers may have on organisational sbrucbureSj 
particularly in respect of cer tralisation or decentralisation^ is rather 
dated and was carried out with reference to the introduction of 
mainframe computers in commercial organisations two decades ago. The 
impacts of the introduction of microcomputers within the educational 
system, which is the focus of the present interest, may be qualitatively- 
different frm those relating to mainframes, and the findings of earlier 
research must therefore be interpreted cautiOTJsly. Althou^ many studies 
have shown that the introduction of c^puters has been followed by 
increased centralisation, this has not been ah inevitable consequence. 
The perspective of technological determinism is not generally favoured. 
It is more coimnoh to view the introduction of computers as neutral and 
enabling or facilitating either increased centralisation or increased 
decentralisation, the direction of change depending on managerial choice 
rather than being determined by the technology. 

Thus, within a school, it is possible to view a computer based 
administrative syst^, possibly incorporating Computer Managed Learning 
principles, as enabling either a closer monitoring of operations or to a 
style of more open decision making and management on the basis of the 
more widespread availabiMty of information. Similarly, the use of a 
computer could lead to more detailed information concerning each school 
being available and decisions about schools being made in a more 
cehtraiised way; Conversely^ it could result in a ^eater devolution of 
decisions to schools* Ibr example, if it is thought desirable to give 



increased responsibility diseretjon to schools for Certain types of 
decisions such aa finariclal decisions, that decentralisation majr be 
facilitated if schools have ah^ microcomputer based accounting 
sjTstems, as the delegating or^nisation may have greater confidence in 
the accuracy of the school's basic accounting records than tbsy might 
have with a menual booHceeping method. 

A second focus, again deriving from the systems perspective has been the 
impact which the introduction of coD^uter technologjr can have on the 
content of jobs of some individuals cjid groups. Much of the research on 
the impact on jobs of the introduction of computer teeftnoio^ has been 
carrier^ out in the manufacturing sector and service sectors other than 
education. Gomputer technolosr has not been established in schools for a 
sufficientiy long time for research to have enabled conclusions to be 
established about the effects of its use on jobs. Although in marjy 
situations it is not valid to assiMe parallels between educational and 
business organisations, in terms of the introduction of technological 
innovations in administration ^ticularOy, it forus a useful starting 
point for considering the extent to >mich similar effects may occur 
within education. 

Much of the anajysis, particularly at the macro level has foeussed oh 
changes in the number of jobs as a result of technological change. In 
the education sector, it was su^sted above that the effects of the 
introduction of microcomputers on the nunber of jobs was likely to be 
less significant than equivalen': changes in other sectors of the 
econonjss as mieroeonpiters have so f^ been used and may be likely to 
continue to be used as ^ds to teachers rather than as replacements of 
them. 
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In industry and commerce, the effects have not been found to be 
homogeneous throughout an organisation. An organisation can be viewed 
as being segpented or diff'erentiated with respect to jobs both 
vertically and horizontally. In the case of schools, vertical 
segnentation relates mainly to levels of senioriigr, and horizontal 
segnentation to the division into teaching (itself often horizontally 
segnented into different subject departments) and pastoral and 
administrative support. The effects of technological change have been 
found to be vei^ different in different vertical and horizontal segments 
of the organisation. 

The most extensive analysis has been a|5)lied in relation to point of 
production or service level jobs. There is a widespread belief that 
computerisation, and automation more generally, will eliminate maJiy of 
the routine and monotonous elements of such jobs and enable people to 
engage in more creative work, and that increased efficienqy can lead to 
a shorter working week, longer vacations and an increase in leisure 
time. In contrast to this view, many research studies report adverse 
effects on job content. Amongst the effects identified, singly or in 
combihatioh, are declining manmng levels, fragnentation, polarisation 
of skills, de-skilling and alienation. The findings are not, however, 
consistently pessimistic. A number of studies have shown significant 
jjnprovements in some clerical jobs, largely as a result of the coiipiter 
rCTOving some of the repetitive and less interesting aspects of the job. 

There are reasons for not expecting the major discontinuities found in 
some jobs resulting from new technology to apply to the same extent 
within the education sector. If one considers work in education 
institutions to be horizontally segmented into teaching and the 



supporting aamihistrative and clerical work, the same expectations may 
apply in respect of both se^ents. The most direct parallels of 
previous researcn lare \rith administ.T-ative :jobs in education. Tkie 
administrative, clerical and secretarial functions, whilst important, 
are not sufficiently voluminous or homogeneous to allow the easy 
fragpientation of such work, it is likelly that new technology will 
affect clerical gobs but that the technology will be used intermittently 
rather than continuously and the effects will to that extent be less 
dramatic than in some other sectors. 

Similar expectations may apply to the teaching function. If 
microcomputers are used as a support to teachers rather than to replace 
them, and also are used intermittently rather than continuously, the 
effects again may be less dramatic than in jobs in which the relevant 
technology- is used continuously. There is little evidence, so far, that 
the introduction of computer assisted learning has led to de-skilling of 
the teacher's job. The thesis that technoloar can lead to polarisation 
of skills might, however, give rise to e3g)ectations of the more 
widespread use of teaching assistants supported by microcomputer 
technology, with access to more highly qualified, experienced and senior 
teachers acting in a consultancy, advisoiy or supervisory capacity. 

Kiere is little agreement about the effects of technological change on 
senior managonent jobs. Kanter (1972^ distinguishes between 
traditionalists, \«ho feel that senior managers will continue to operate 
with a high degree of independence from technology with a mode of 
operation ^ich will be essentially unchanged, and futurists who feel 
that the availability of accurate, reliable, comprehensive and timely 
information will enable senior management to control the organisation to 



a greater extent. Sucih an analysis l.>sA3 to a eohsideratioh of the 
effects of con^juters on organisational centralisation or 
decentralisation, as discussed above. It has been claimed by Mumford 
and Ward (1968) that the more extensive use of computers will be the 
first technological chaaige to affect the manag^eht structure of 
organisations and with it senior managers because it is the first 
technical change affecting the basic commodity with which senior 
managers deal - information. 

Consideration of the effects of technical change oh middle managers 
tends to be derived from assumed impacts at senior management level. 
Where the assumption has been that changes in information technology 
will lead to substantial changes in middle management roles the foctxs 
has commonly been on the supervisory aspect of such jobs. 

Where the assumption has been one of increasing control being vested at 
senior rather than middle management level, this hss been associated 
with the assumption that monitoring, evaluation and control will 
increasingly be dependent oh coinputer based information and that middle 
management jobs will to that eacteht be de-skiiled. Conversely the 
consultanqy aspect of middle managers jobs has sometimes been seen to 
increase in importance. It is si©iifieaht in the context of educational 
organisations that the middle managanent role has conmonly been seen in 
terms of team leadership rather than or as well as a monitor and 
controller; to that extent information technology may be expected to 
have a less significant impact on middle management roles in education^ 
organisations than in some industrial or commercial sectors. 
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It is perhaps significant also, in the educational context, that a lEU*ge 
proportion of people entering teaching have achieved middle management 
positions as their careers have progressed, or a least have expected to 
do so. The thesis developed in industrial contexts that technical 
changes can lead to job polarisation with consequent diminished 
promotion opportimities may be expected to apply to a lesser extent in 
educational organisations but to change career patterns to a greater 
extent if it does app3y. 
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Future scenaria 



if some or all of the effects discussed above occur, what might schools 
be like in the futm-e? Hawkridge (1982), in one of the most rich and 
thou^tful analyses of the use of microconpiters and other information 
technoldar in education, considers three scenaria relating to the year 
2000; an optimists forecast, a pessimists forecast and his personal 
forecast. He (OTphasises, as futuroiogists sometimes but not aiwsys do, 
that the scenaria are concerned with \stiat education might be like, 
rather than what it will be or should be like. 

The optimistic scenario assumes that substantial resources are devoted 
to infoiTDation techholoar in education, such that each pupil would have 
access to computer facilities* Havdcridge does not suggest (as some 
forecasters in this area do) that the widespread use of computer 
assisted learning will lead to deschooling. He suggests rather that 
schools will continue to exist in broadly the same form as at present, 
with classes of approximately the present size, but with much less 
teaching of the class as a whole and a greater en^ihasis on pupils 
working individually and in small groups. Although books to be written 
in and to read will still be used they will be less important than at 
present, with much of the pupils own work stored on his own magnetic 
disCi Wiese developnents will have two effects. The increased emphasis 
oh individualised leaning will mean that pupils are likely to process 
at different speeds (or at least that pupils working 'out of step' wil7. 
present fewer problems of class management to the teacher). Secondly, 
the use of conpiter assisted learning with diagnostic processes, 
particularly in respect of basic arithmetic and language skills, will 



mean that the teacher personally will heed to. spend less time on the 
repetitive teaching of basic skills and can beccane more concerned with 
devel<^ing pupils* social slciUs. 

It is su^sted that the effects of information technologr on learning 
will be at least as significant outside the school, She teehhoio^ will 
facilitate increased access tgr adults to education for both foraal 
courses of ^heral or vocational education and for informal learnihgi 
There my also be increased access to devices incorporating both 
computers and other media to facilitate learning in the home or in 
various community facilities such as libraries, which will further 
foster the learners independence and responsibility for his own 
learning, 

Hawkridge contrasts that optimistic forecast wi"Hi a pessimistic scenario 
based on assuznptidns of a relative decrease in the funding of education, 
which becomes increasingly d^ihated by private interests. An elitist 
rather than egalitarian poliqy results in increasing inequali-ty of 
educational oppdrtunitjy. Ibr the majorl-ty, considerations of utilitarian 
training will be dominant over those of edxieatien, and the control of 
information technolc^ for educational purposes will remain largely in 
the hands of bodies with little interest in or Imowiedge of the 
educational prooesu. This will result in the production of a large 
quantity of software of a type which will make the education of the 
raaaority more narrow rather than broadly based. The concern, based on a 
model which assumes that learning is linear and can appropriately be 
modularised^ will be to find efficient means of increasing scores oh 
standardised tests, rather than to use the new technologr to support a 
variety of styles of learnings 
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Hav*:ridge discusses these two deliberately polarised views b^bre 
presenting his own forecast of increased access to rich learning 
paradigns based on relatively, inexpensive information technology and the 
selective rather than universal and indiscriminate exploitation of new 
technologjr. He suggests that education will not be deinstitutionalised^ 
but is rather pessimistic about the influence of large multinational 
corporations, and the effects of that influence on equality of access to 
learning opportunities. 
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issues raised Igr micrdcbmputer use in schools 



In the short term as well as in the longer term seenaria outlined above, 
there is wide a^eemeht that the use of microcomputers in schools can 
confer significant benefits. There is equally wide agreement that their 
introduction can result in further* different problans. 

Whilst the trade-off between benefits and costs of various kinds will be 
different in different local and national eiretmstances, there are a 
number of issues which are likely to arise if the possible use of 
microconpiters in schools is being evaluated, it is usefial to consider 
such issues at the level of both the Ministry of Education and the 
ihdivid\ial school. 

(a) Within the Ministry of Education 

Cleariy, the issue of funding is of central importance. Although in 
some countries in the Asia and Pacific region the cost of a 
microcomputer may be onOy a small proportion of the average annual 
salary costs of teachers, in most countries in the region it would 
represent a much greater proportional cost. Whilst the cost of the 
equipeht has fallen rapidly, the cost of providing only one 
mierocoorputer to each school would consume a si^ficant proportion of 
the education budget. Further, the experience has been that the arrival 
of one microcomputer is quickly followed requests for more to enable 
different things to be achieved. 

Consider the cost of funding the provision of colter equipment and 
programs in a country in which there are 5 million pupils who attend 
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sehooi for 8 years. At a resource level of one microcomputer per 100 
pupils (which is the current level of provision in some European 
countries) this would give access for individual use for an average of 
only 3 laihutes per pupil per dgy or 80 hours during the total period of 
school education. With a school populstion cf 5|000,00d pupils, a total 
of 50^000 fflicroce»Dputers would be needed. With each coiig)uter i^ston 
costing about US$1000, the total cost would be $50 million which, 
written off over a period of 5 years equates with an annual cost of $10 
million. For 5 million pupils, the cost will therefore be TJ^2 per pupil 
per year. 

A similar calculation can be carried out in respect of the provision of 
coEsputer programs i Based on the assumption that for each pupil to gain 
access to computer assisted learning for 80 hours during his schooling, 
a total of about 300 hours of programs may be needed to allow for 
differences in the curriculrin followed by different pupils and for 
differences in learning ability i Again, assuming that software is 
replaced after about five years, the annual cost could be about $10 
million, or a further tJS$2 per pupil per year. Based on these 
calculations, the cost of about $4 per pupil per year for equipment and 
programs mi^t represent rather less than 2J6 of the country *s total 
education budget. 

A number of sources of funds can be used, singly or in combination. In 
some cases schools have purchased microcomputer equipnent from the 
discretionary funds provided 1:^ local or national educational 
administrations. The (^portuni%- costs for the school are clearly 
substantial. Tn some countries funds have been provided from government 
specifically lor the purchase of microcomputer equipnent, ccxmnonly 
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ihitial3y on a pilot basis in a small number of schools with a view to 
the extension of the scheme on a wider front. Funding sources btatside 
the education system itself have also frequently facilitated the 
purchase of eq xiiment. Parents and the local community have in seme 
cases been willing to raise funds specifically for the purchase of 
coH^puter equijment. Fund raising activities which have as their target 
the purchase of d specific item are frequently more successful than 
those which are obtaining funds for the day-to-day running costs of a 
school, and if the acquisition of computer Imowledge and expertise is 
seen ^ parents as instrumental in tei*s of their children's future 
emplc^ent prospects, this may result in the generation of funds for the 
purchase of conpiter facilities either outright or in combination with 
funds provided through the normal educational funding channels. 
Manufacturers and suppliers of microconpiters have frequehtay offered 
favourable tern©. The education market is potentiaily a large one and 
negotiated prices are likely to reflect that; farther, as discussed 
above, manufacturers and suppliers have an interest in the future 
generation of computer users beeemihg familiar with their make of 
microconpiter rather than that of another manufacturer. Such motives, 
as well as those of altruism, mean that the price of microcomputers for 
educational use may be significantly less than it would otherwise be. 
They also mean that considerations about purchase and about funding from 
commercial interests must take account of factors beyond those which are 
solely educational. Gbncerr^ about "technological colonialism" are real, 
and such concerns as well as econMtic factors, relating for exai^le to 
the balance of trade, are significant in considerations of the source as 
well as the extent of equijment purchase. 
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In countries such as India, where the computer mafrufjKtiiriiig industry is 
expanding rapidly, there are clear benefits in usir^g equipment which has 
been produced within the country. Such a purchasing poli^ reduces the 
import burden and a'^sists in the deveiopneht of ioeai industry, but it 
also provides important b(^ef its within the educational systCTi itself in 
access to esqpertise and in terms of national self-view. 

Although the cost calculation presented above was based on a single 
machine at a particular price, there is a choice of equipment, with an 
increasing number of models of microcoi^uter available at different 
prices and with different facilities. If a policy of some 
standardisation of equipneht is introduced nationally or regionallly, or 
indeed if schools make their own choice of equipment, the choice at each 
level of funding is essentially between a small amount of relatively 
sophisticated eqtiipneht or more rather less sophisticated equi^pient. The 
preferred alternative depends substantially oh the planned use of the 
fsicilities. If the microcc^rputers are to be used mainly for advanced 
courses correspondingly sophisticated equlimeht may be heeded; if it is 
to be used for introductory courses, less sophisticated equipnent may be 
sati^aetory, 

3?he successful use of computers depends on obtaining suitable software 
(canputer pro-ams j. It is likely that teachers of computer stxadies 
will themselves wish to write a proportion of the software which they 
use in their own teaching. In respect of conpiter assisted learning and 
administrative applications some of the most successSd- and innovative 
applications are those in which individuals have written their own 
software which meets their own heeds and is suited to their own teaching 
style or administrative methods i 
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However, if the potential benefits of mieroc<^uters are to be realised 
In more than a minoril^ of schools it is necessajy for computer programs 
to be obtainable fran sources external to the schools. Whilst some 
canmercial conpiting companies may be interested in the provision of 
educational software, and m^y develop and maciet some such software at 
their own initiative, the pi*iee is unlikely to make it attractive to 
schools individually, and seme educational software frrai such soui-ces 
has been criticised in terms of its quali-ty and the educational 
assumptions on which it is based. 

It is likely to be necessary then for an initiative to be taken at 
Ministry of Education level to facilitate the production or acquisition 
of software and its dissemination. IHius far there has been little 
transfer of software between countries, and whilst some software is 
specific to the i^llabus and educational culture of the eouhtiy in which 
it was developed, there is possibly scope for a more widespread 
dissemination across international borders of information about the 
availability of software. If it is felt desirable for at least sOTie 
software to be acquired from the commercial sector it is in^ortant that 
considerations of software are not isolated frcm those of hardware. 
Problems are likely to arise if hardware choices are made ixx the 
expectation that appropriate software is available or will become 
available; such problons can be mitigated if hardware is considered in 
conjmiction with software rather than the two decisions made in 
isolation from each other. 

Amongpt the most substantial of the issues at Ministry level is that of 
teacher training. Whilst still significant, the lack of teachers able 
to teach computer studies as a main subject is diminishing in a number 



of countries as computing has become established as a legitimate part of 
the school curriculum and as teaching therefore becomes more viable as a 
career for cotaputer studies graduates* The problem of teacher training 
is in those cases no more difficult in principle than that for teacdiers 
of any other subaect. The more extensive teacher training probl^ 
relates to training teachers of other subjects in the xise of ceanputer 
assisted learning approaches within their ovm subject. Training 
programmes for existing teachers need to be developed to enable teachers 
to become aware, competent and confident in relation to the use of 
microconpiters in their subject. 

There is considerable dispute about the appropriate content of such 
iflgmiliarisation training, and specifically about the relevance of the 
inclusion of con5)uter programming. Some argue that it is impossible or 
unnecessary for teachers of subjects other than computing to be able to 
write programs arid that their usei of computers will and should be 
restricted to the selection and intelligent use of computer assisted 
learning materials from other sources. Others argue that teachers 
cannot treat computers as 'black boxes' and need to be familiar with how 
they work and such familiarity can be obtained only througji programing 
arid/ or that computer assisted learning will be most successful when the 
teacher cari develop materials suited to his own needs and style of 
teaching and that can occur orily if teachers cari write their own 
programs or at least modify those obtained from elsewhere. Surrotmding 
such arguments are the logistical questions of how such in-service 
training should be provided - what should be the duration of the course, 
should it be full-time or part-time > what role can universities and 
commercial computer agencies have in this provision, and so oh. 
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Whiiet in-service training may be the most iimediate of the training 
needs, equivalent issues arise in relation to pre-service teacher 
training, and if teacher trainers are hot thenselves familiar with 
colter assisted learning this in turn gives rise to a need for 
training the trainers. 

Training issues arise also in relation to the use of microco^ters in 
school administration and managanent. The provision of training for 
school principals in the use of microcomputers in school administration 
and in the management of educational computing within the school as ah 
innovation in tenns of the factors discussed in the section below may 
form an a^ropriate part of the training activities of institutions such 
as the Sri Lanka Staff College for Bdueat3.onal Administration, the 
Institute for Develojment of Educational Administration in Biailand, and 
similar organisations throughout the region. 

The requirements for equipment, computer programs and training are 
formidable, and their cost will be considerable. In principle, some 
e3q)licit or implicit cost benefit aha3[ysis is appropriate as part of the 
decision making process about ^eiiier and oh what scale to introduce 
microcomputers into schools ^ Wiilst some writers stress the 

inevitabililgr of the growth of use of microcomputers ih education on a 
global scale, it is probably both more useful ahd more realistic to 
reject the 'technological imperative' and asstme that as both the 
potential benefits and the opportunity costs will be viewed differently 
in different circumstaaices^ that the decisions made will similarly 
differ. Considerations beyond the educational will be important, and in 
some cases dominaht^ particularly ih respect of the opportunity cost^ of 
substantial capital and revenue expenditures and in most countries the 
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effects on the in^ort burden and the influence of (often foreign) 
conmercial interests in the country •s education system. 

(b) Issues within the school 

Within the school also, there are decisions of a cost benefit nature to 
be made, where costs include hot only financial costs but also ec^ts in 
terms of the time heeded to become sufficiently familiar with the 
equi^eht to use it appropriately, and in the generation or acquisition 
of suitable software. 

One of the earliest and apparehtly most simple of the decisions vtfiieh 
have to be made withih the schbdi, but which can have far-reaching 
consequences is that of ^o shall be responsible for the computer 
equipment. In mary cases it has seemed natural to locate responsibility 
for the equiptpent within the school's mathematics deparlment as ohe of 
the mathematicians has often been the first persoh in the school to 
develop an interest in conpiting. Where coE^ter studies is taught this 
has also commonly been, at least initially, by m^bers of the 
matheniatics department and this hBB been a further argument for locating 
ccariputer responsibili^ withih that deparianeht. This can have two 
deleterious cohsequehces. The identification of caiiputihg with 
mathematics l^y staff withih the school can mean that their potential in 
computer assisted learning across the etirrieuluffl is not exploited in 
full, perhaps partly because access to the equipment by teachers of 
other subjects is hot as ea^ as it mi^t be. Secondly, the 
identif icatioh 1^ the pupils of coi^uters with mathCTJaties encourages in 
them a restricted vision of the range of applications of computers and a 
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false impression that they are suitable mainly for the processing of 
mimerical data. 

In relation to the use of computers in the administrative work Of the 
school, similar considerations apply. She manual processing of the 
school's administrative work has normally been the responsibility of one 
of the school's senior staff, perhaps a deputy headteacher, to ^om the 
clerical staff may report. If the computer is to be used in the 
administrative work of the school it may be appropriate for teachers 
with computing ra^ertise to have a role in relation to administrative 
ecanputing. There have in some cases, however, been problems when the 
introduction of congjuter based administration has resulted in the 
transfer of significant responsibilities from a senior and experienced 
member of staff to someone who has relevant technical ejqjsrtise but who 
may have much less seniority and experience than his colleagues. 

For both of these reasons it is increasingly common for the 
responsibili-ty for computing for instructional or for administrative use 
to be located in schools neutrally, perhaps with a senior 
non-departmental member of the school staff, for exan^jle a deputy 
headteacher, or in a resources department. Such considerations are 
normal3y less problematic in primary schools, which are typically less 
departmentalised and where there are fewer pressures than in secondary 
schools to maintain rigid departmental boundaries. 

Related to the issue of the location of responsibiliiy may be the 
physical location of the computer equipnent. If the e(iiu.pment is 
physically located within a department, for example the mathematics 
department, that will have a significance similar to the location of 
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responsibility discussed above; BF a school has a number of 
microcomputers the decision as to whether they are all located together 
in a computer room or Irtiether they are distributed around the school 
will facilitate some developnents and inhibit others. The location of 
one or two micrccoinputers in each of a number of departments can 
facilitate their use in computer assisted learning whilst the 
establishment of a conqputer room can facilitate the developnent of 
coiig)Uter studies but may not encourage use across the curriculum. 
Although some microcomputers are portable, even when associated data 
storage and output devices are attached^ security considerations and the 
geography of some schools militate against portability as a solution to 
the issue of the physical location of equipment in some cases. 

The initial location of responsibility for canputer use, and the 
physical location of eqmpneht, have been fotmd to have a considerable 
influence on the subsequent pattern of development of computer use in an 
organisation. Rowan (1982) discusses industrial and camercial ^anrples 
in which the initial location of responsibility within ah accounting 
department has been followed by a pattern of use of the computer 
predominantly for accounting applications, and superficially similar 
firms in vrtiich the initial location of equipment and responsibility 
within a production control department has led to the use of the 
cOTputer predanihahtly for production related applications, lamb (1972) 
reaches similar conclusions in analysing local government use of: 
ccMputers. 

Mumford and Ward (1968) conclude that although it may be convenient in 
the short term to give little consideration to the physical location of 
equipient and the location of managerial responsibility for it, the lack 
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of such consideration can lead to increased difficulties at a later 
stage of the developnent of the innovation. 

There is general agreement in the literature, then, that if the coi^ter 
is to be restricted to a single area, of the organisation's activities, 
it may be acceptable for it to be located there, but if the facilities 
are to be used in several areas of the organisation then it is 
appropriate to take a more formal view of the location of responsibility 
and of the equifment itself. Within a school, the balance of use between 
computer assisted learning and administration may similarly be expected 
to be influenced l^y the location of responsibility for conpiter use in 
respect of who has responsibility and whether different people have 
responsibility for those two aspects of use. In terms of the balance of 
use between computer studies and con^puter assisted learning across the 
curriculum, the same considerations laay apply. 

It is useful to consider responsibilities for computers not globally but 
separately in terms of decisions about: 

(a) how the computer is to be used, the applications to be undertaken 
and the balance between teadSihg and administrative uses (i.e. a 
concern for strategic matters) and 

.(b; day to day responsibility for the computer (i.e. a concern for 
tactical matters). 

The most consistent and onphatic message in the literature on conpiter 
applications concerns the relationship between the success of conpiter 
applications and the involvement of senior managers in planning and 
directing those applications. GSie of the major firms of management 
consultants (McKinsey and Company, 1968) concluded that the key to 



computer success waa strong leadership from senior management in 

directing the applicatidhs of the computer^ and that where computers 

were ineffective it was general3y because senior management had not 

accepted responsibility • Lamb similarly st^ested that: 

"Polioy for cbmputer developnent should be determined ^ senior levels, 
and priority in operation^ development and eqiripmeht selection should 
hot necessarily be controlled by a major user" (Lamb, 1972, p230). 

Stewart agrees: 

"It is most important that manag^ent should not abdicate in the belief 
that, it cannot understand or that it can safely leave congjuter 
development to the specialists" (Stewart, 1971, p206). 

fhe implications for the headteacher of the school and his senior staff 
are clear. 

A particularly significant issue as many schools begin to use 
microcomputers is that relating to the source of software. There are 
currently four main sources of software. The first is within the school 
itself, where some teachers may have the requisite progrgmmihg skills 
and enthusiasm to produce software. Particularly if this is to be for 
use in areas other than the software writer's own subject^ issues of 
professional support arid the provision of requisite resources (of which 
the time needed is often considerably underestimated) arise. When a 
'critical mass' has been attained and there are sufficient ihdividxiai 
schools in which software is being developed, its acquisition from other 
schools becomes a second possible source, though the infonnation 
networks throu^ vftiicTi the existence of such software becomes known vary- 
considerably in efficiency. A third source is the coratnercial market, 
which is particularly relevant in respect of sane administrative 
programs such as word 'processing and aeeouhtihg pae&ages, but in respect 
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of computer assisted learning materials availabie from the commerciai 
sector the educational assumptidris upon whi<* some of that softvrare iis 
based are questionable. Finally organisations have in some cases been 
established to diss^inate and possibly produce software oh a local or 
national basis; 

Schools which were pioneers in the developnent ctf educational congjuting 
relied, of course, mainly on the developnent of their own software but 
acquisition from sources external to the school is much more significant 
for the majority of schools. 

There are a number of aspects of computer use within schools for which 
it is appropriate for contingency plans to be made, in particular, 
contingency plans relating to the breakdown of eqmpment, the departure 
ctf key staff, and the loss of or damage to data storage media should be 
made. 

Although mlcrocoit^ters of the present generation are much more reliable 
than their predecessors it is nevertheless possible that they will fail 
at some time, and rather more likely that the mechanical parts of either 
printers or data storage devices will fail. It may therefore be helpful 
if a reciprocal m-rangement can be made with another local school with 
the same make of equipment so that access can be maintaihed in the event 
of sj^tem failure. This, of course, is one of the benefits of a policy 
of equipnent standardisation regionally or nationally. 

in a nmiber of schools, knowledge of the operation of the microco^ters 
is limited to a small number of people; the writing of coi^ter programs 
tends to be carried out ty an even more restricted range of people, so 
the production, maintenance and operation of particular programs can be 
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severe3y disrupted if those m^bers of staff leave the school. It is 
prudent^ theh^ to ensure that a nmber of people within the school are 
familiar with each application and that the doci^ientation of programs 
written or amended within the school is adequate. 

Gbntihgehcy plans incorporating basic cong^uter operating procedures are 
also appropriate, if the disc or cassette on which data or a program is 
stored is damaged or lost and a copy has : yt been kept, the consequences 
can range fr^ inconvenience to disaster. It is therefore worth 
instituting a systematic copying routine such that a copy of each 
progrgfln and data disc or cassette is kept, preferably in a room sane 
distance from that in i^ich the working discs or cassettes are stored. 
It is sometimes sug^sted that two copies are kept. I recall an 
installation in v^ieh the master data disc was damaged and the data on 
the copy disc accidentally erased oh the first occasion on which it was 
used; more than one baSc-up copy has since been kept in that office! 

Within the school^ then, a large number of issues ranging from the 
substantial and the strategic to the seemingly more trivial and 
operational issues are relevant for consideration. Whilst it is possible 
to institutionalise the technological developments discussed in this 
paper by giving only a superficial consideration to these matters^ 
e3^rience shows that a thorough analysis initially of the issues 
discussed above can produce significant benefits in the longer term. 
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The potential benefits of using mieroeofflputers in the educational 
process are likely to be different in magnitude, and may be different in 
kind, in different countries or regions; the opportunity costs of doing 
so will certainly be different. Aithoui^, in principle, decisions of 
this kind are amenable to cost benefit analysis or similar treatment, it 
seens to be the case, perhaps not surprisingly, that where even 
substantial resources have been eoimiitted to educational congjuting those 
ccMitments have been made in the absence of a foraai analysis of a cost 
benefit 1^e. 

Research (e.g. liucas^ ^975) on the reasons for the failure of coi^ter 
based information systems which have hot been successful su^ests that 
problCTS commonly arise from the absence or inadequacy of feasibili^ 
studies and/or fran a concentration on the technical aspects of the 
innovation with insufficient consideration being given to the 
organisational, behavioural and manageriafl: issues discussed in this 
paper. 

As the introduction or expansion of the use of microco^uters is 
contemplated in countries within the Asia and Pacific region there are, 
then^ a large number of such issues to be addressed both at the level of 
the Ministry of Education and at the level of the individual school, in 
aiiy sequential decision making process, decisions taken at an early- 
stage to cOTEiit resources to one aspect of a development rather than 
another can substantially affect subsequent decisions by opening 
particular further avenues of development and making others less 
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accessiblei In those coimtries in ^rtiich microcsdmputers have been tised in 
eaucatioh for some time (and three or four years is a vast ambtint of 
experience in this rapidly changing area) there is a feeling that 
educational conpiting is established and has a significant role in the 
future. There is, however, a concern that the momentum of the 
developnent has resulted in some decisions having been taken quicMy and 
oh the basis of insufficient thought and that develbpnehts mi^t have 
been more beneficial if some of the issues addressed above had been 
considered more thoroughly. 
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